In the modern world, the fine balance and delicate relationship between human society and the environment in which we exist has been affected by the phenomena of urbanisation and urban development. Today, various environmental factors give rise to horizontal dispersion, spread and growth of cities. One of the most important results of this is climatic change which is directly affected by the urban sprawl of every metropolis. The aim of this study is to identify the relationship between the various horizontally distributed components of Tehran city and changes in essential microclimate clusters, by means of the humidex index. Results showed that, when the humidex was calculated for each of the obtained clusters, it was evident that it had increased with time, in parallel with Shannon's entropy, as a consequence of the average temperature and relative humidity of each cluster. At the same time, results have shown that both temperature and relative humidity of the study area are related with urban sprawl, urbanisation and development, as defined by Shannon's entropy and, in consequence, with humidex. In consequence, this new concept must be considered in future research works to predict and control urban sprawl and microclimate conditions in cities.
indicators that are not easily regulated. The first one can be adjusted by policies like economic growth indicators; the second one can be controlled by administrative and engineering technical means, like population density; and finally, the third indicators are those which cannot be adjusted by technical or economical procedures, like total annual electricity consumption. Its results showed that once the regulation program was improved, a negative entropy flow can be obtained. The more recent research works were developed in Iranian cities. For example, in the Iranian City of Shiraz in 2011 [9] , its growth patterns between 1976 and 2005 were analysed using the Geographical Information System. Its results showed that the built-up area increased by 145%, while the population grew by only 55% due to the significantly unplanned development, and the proliferation of low population density construction. More recently, in another Iranian city (Urmia) in 2012 [14] , urban growth was analysed using methods like Holdern and Shannon's entropy. Its results showed that the value of entropy was 1.3738 in 1989, while the maximum value was 1.3862, showing the urban sprawl and physical developments. Finally, the entropy value was 1.3231 in 2007, indicating that over 20 years, physical growth has been both in the sprawl as well as in compact form. Therefore, it was concluded that changing a central city into a multicentric one based on centralisation and multiplication of activities in subcentres is the solution for coping with urban sprawl.
In Iran, which is a developing country, many big, medium, and even small cities, for various reasons, are encountering rapid spatial growth or urban sprawl. Tehran, the capital of Iran, is recognised as one of these expanding cities due to it being the main destination of migrants, because of its several modernistic urban attractions, in addition to a rapid population growth, and is experiencing rapid physical and spatial expansion. This phenomenon has many adverse effects on different aspects of the city, such as: the loss of environs, agricultural lands and orchards [15] [16] [17] [18] [19] , increasing air pollution [20] , increasing socioeconomic inequality [21] , and so on.
At the same time, one of the most important environmental issues that is happening in Tehran, like in other metropolitan centres in the world, is climate change, and subsequent bioclimatic boundary changes in microclimatology on an urban scale. To prevent dangerous health consequences of these microclimatic conditions over the population, and at the same time to improve urban sprawl, new weather indexes must be employed.
However, the purpose of this research is to analyse and evaluate the microclimate in Tehran according to the urban sprawl of the city in different study periods, and to define new indexes to be employed in decisions for improving urban sprawl.
Materials and Methods

Studied Area
In this study, two types of data have been used. The first set of data includes temperature and relative humidity in 82 stations apart from Tehran, as is shown in Figure 1 . The sampling period was from 1966 to 2005. The reason why temperature and relative humidity have been chosen is that these two variables play an important role in the bioclimatic conditions of urban and non-urban areas and, on the other hand, expansion of cities and urbanisation shows significant effects on the fluctuations of these variables.
The second set of studied data are the various components in relation to the urban sprawl of Tehran, such as the number of private cars per capita, city extent and population density. The information employed in this section was provided and received from some resources such as the Statistical Center of Iran, Tehran Municipality Planning and Studies Center, Fuel and Petroleum Products Company in Iran, Tehran Air Quality Control Company and the Department of Housing and Urban Development in Iran [22] [23] [24] [25] [26] [27] , as can be seen in Table 1 . 
Meteorological Data Reconstruction Methods
In the present work, 82 weather stations were employed, but only 38 had relative humidity sensors. At the same time, temperature and relative humidity data for all the stations were not sampled during the same study period . To solve this problem, a Kriging method was used to reconstruct the lack of data for each station. Daily data was reconstructed, and by using Kriging, 2,196 nodes of grid temperature and relative humidity components were reconstructed for each month. Finally, the like 1975-1966, 1985-1976, 1995-1986 and 2005-1996 .
Clustering Method and Preparation of Matrix Variables
In this section, the main stages of the clustering method will be enumerated as shown below: A) Preparing the raw data matrix; B) Calculating the raw data matrix; C) Forming the possible groups and calculating the Euclidian distance of each variable with its own group's average; D) Merging the groups by the method of minimum variance (the entering method) and determining the final grouping; E) Drawing the dendrogram which is the result of the merging of groups in several stages' F) Determining the location of clusters and junctions, and the final calculated grouping [28] [29] [30] [31] [32] [33] [34] . Cluster analysis consists of three types: two-step cluster analysis (T-SCA); K-means cluster analysis (K-MCA); and hierarchical cluster analysis (HCA). This last method will be employed in this research work with the help of the software MATLAB. After this, and based on the Euclidian distances between the amounts of climatic patterns and with the help of the integration method of Ward, the process of cluster analysis was completed to identify the effects of the urban sprawl of Tehran in different decades on the various microclimatic boundaries and cluster changes.
Shannon Entropy Indicator
The main objective of this study is to evaluate the irregularity or balance of a microclimatic nucleus in Tehran based on the urban sprawl of the city for different study periods. In particular, the reason why we consider a study area beyond Tehran City was to be able to compare microclimatic boundary changes for both natural and man-made areas.
Therefore, for this purpose, one of the strategies is to use the Shannon entropy method. For the performance of the Shannon entropy, it was necessary to specify clusters of Tehran microclimate for various periods. So, as mentioned in the previous section, microclimate clusters' preparation processes was described. Therefore, based on the Shannon entropy method, absolute entropy values were calculated by using Equation (1) . In this equation, "Pi" value indicates each cluster's area for a specific period, and the aim of component "log (1/Pi)" is the total area of the region. It must be noted that the total area of the region is constant in different periods, but what constantly changes is the partial area of microclimatic clusters for each studied period.
The calculation assumes that an urban area is divided into n microclimatic zones, and that a variable, X, takes on a value X i for any zone i {1, 2,….,n}. Shannon's entropy H n is calculated as is shown in Equation (1):
Estimate Thermal Comfort Proposal Indicator
To forecast the expected weather conditions in each different zone of Teheran City, humidex index was selected [35, 36] . This index is the combination of dry bulb air temperature and moist air relative humidity showing the outdoor air perception of citizens as a consequence of a lack of skin sweat evaporation during the hot and humid weather conditions. This index can be defined by means of Equation (2):
where t is the moist air temperature (°C) Finally, to understand the meaning of the humidex values obtained in this work, it is needed to revise its scale, as is shown in Table 2 . 
Results and Discussion
Urban Sprawl in Tehran
As is well known, urban sprawl is manifest when the growth of population is less than the growth in physical development. On the basis of this concept, the process of expansion of Tehran over different periods of time has shown that, in the last twenty years, this city experiences opposite processes of expansion and disintegration. To understand these concepts, it is necessary to look back and review the history of Tehran. In the initial stages, in Agha Mohammad Khan's period (1822), the city of Tehran was recognised as Iran's capital [28] . Furthermore, with six gateways, four quarters and 100,000 people surrounded by a wall, Tehran was placed in the first map of the city by French Mesu Kershish. At the same time, the city showed an area of 4 km 2 , 1/3 of the area being filled with residential establishments and the remaining area dedicated to farming and gardening [29] . From that time, the city has experienced great changes time after time. For example, in 1921, the population was 210,000, and the city area was 7.2 km 2 , which gave an extremely high population density of 291 persons per hectare.
As was explained before, the city's growth has undergone an incredible acceleration both in physical and population aspects from the 1920s. In 1956, when the first official census was taken, it showed a population of 1,510,000 and a city area of 100 km 2 [23] . This growth continued with an incrementing intensity during the following decades.
As a consequence of this extremely prolific city growth, a council for the supervision on the expansion of Tehran, composed of different ministers and departmental managers, was nominated to act under the supervision of the acting prime minister. The aim of this council was to prevent and control the irregular expansion, and to chalk out a plan for the city's future in accordance with the Act signed in 1973. Despite this, this council could not reach their objective and, in 1980, the Tehran municipality had to expand the scope of its services like, for example, to change the legal expansions from 225 to 520 km 2 , and to increase the number of municipal districts from 12 to 20 [30] . From this time, a great number of villages (more than 120), along with two other cities, were absorbed (amalgamated) by Tehran, and this fast city growth has been repeated time after time till now. The latest official national census in 2006 showed that Tehran registered a population of 7,900,000, and a city area of 800 km 2 . To sum up, we can say that in the last 85 years, Tehran's population has multiplied by 37 and, what is more, its city area has multiplied by 100. Finally, it was recognised that the population density of the city during all these periods has showed a descending trend from 291 to 95 persons per hectare from 1921 to 2006, as can be seen in Table 1 . Despite this, under this rapid physical growth, the city's expansion was unplanned, dispersed and desultory, showing a clear example of sprawl, as can be seen in Figure 2 . 
Validation of Simulated Data
As described earlier, after restoring data from each station by using Kriging, reconstructed data were validated to evaluate this method at a significance level. However, what was obtained from the results indicated that Kriging-observed data in respect of simulated data has the highest correlation and coincidence.
In this research, due to the large volume of data, and due to diagrams and the article's insufficient space, we cannot mention all stations. Nevertheless, as an example, Mehrabad station is shown in Figure 3, showing the highest significance level. 
Essential Microclimates Indicators' Changes in Study Area
As was commented upon before, using monthly data for minimum and maximum temperatures and relative humidity, in a range from 51.05° East, to 51.65° East, and latitude 35.50° North to 35.85° North, was divided into different clusters. After this, eight microclimate clusters have been selected for four study periods, as can be seen in Figure 4 .
On the basis of the first studied period (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) , eight essential microclimate clusters were selected for the study area. Results showed that in this first studied period, the minimum temperature of 7.04 °C was obtained for the 8th cluster, and the maximum temperature was 22.91 °C for the 3rd one. The maximum relative humidity of 53.51% was obtained in the 6th cluster, and minimum relative humidity of 33.44% was estimated for cluster 1, as can be seen in Figure 4 . In the second period (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) , the minimum and maximum temperature values were found for the 8th and 4th clusters, with 15.80 °C and 22.55 °C, respectively. However, the minimum and maximum relative humidity of 36.84% and 55.03% were observed for clusters 1 and 4.
For the decade 1986-1995, the minimum temperature of 8.93 °C, and the maximum temperature of 22.75 °C, were calculated for the 8th and 1st clusters. Minimum and maximum relative humidity of 37.50% and 59.06% were observed in clusters 4 and 8, respectively. Finally, the 1996-2005 decade showed a minimum temperature of 10.49 °C and a maximum temperature of 22.75 °C, calculated for clusters 8 and 2. The maximum and minimum relative humidity with 54.59% and 35.18%, has been identified for clusters 8 and 1, as can be seen in Table 3 . Table 3 . Furthermore, it is clear that the temperature in the studied area has increased 0.72 °C per decade. Thus, in the last period, a temperature increment of 2.15 °C was obtained in respect of the first one. At the same time, the relative humidity showed the same increase process. In consequence, the overall mean of the average relative humidity has increased with an average of 0.40% per decade, and the difference between the last and the first decade was about 1.2%. 
Calculating Nucleus Microclimate Entropy Values in Different Decades
In this section, Shannon entropy values were calculated for different microclimate clusters in each different decade. If we analyse the area variation of each different cluster, it can be concluded that cluster 1 showed the higher area in all the periods, and that it was followed by clusters 6 and 4, as we can see in Table 4 . At the same time, the lowest area was related to clusters 7 and 8.
When absolute entropy was calculated in each cluster for the period 1965-1975, an average value of 0.81 was obtained. Furthermore, this value had increased to 0.86 in the second period, and had reduced to 0.85 in the third one. Finally, in the last studied period, Shannon entropy had reached its maximum value of 1, as can be seen in Figure 5 . As can be seen in Table 1 , the population has increased since 1921. These increasing changes for the period 1966-1976 were 1.75 million people, and was 1.54 for the period 1976-1986. From 1986 to 1996, the lowest increment was reached with an increase of 0.66 million people. Finally, the highest increasing amount of people was obtained for the period 1996-2006 with 1.01 million people.
At the same time, an expansion for the Tehran area was obtained for each different period. In this sense, results have shown an increase of 13,000 hectares for the period 1966-1976, and 32,000 for study period 1976-1986. In the third period (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) , this was the lowest sprawl period with about 11,950 hectares.
As a direct consequence of this effect, according to 1996 statistics, a clear lower population density in the end of this third period, rather than in 1986, was obtained. In particular, in the year 1996, a ratio of 6.5 people per hectare, which increased to 5.3 people per hectare in 2006 was obtained.
Another statistical index that can show us the tendency of urban sprawl in each period could be the density of number of vehicles per 1,000 people. When we applied this index to the third period, a clear deceleration could be observed. Results have shown values of 3, 30, 13 and 16 in each of the corresponding periods per 1,000 inhabitants.
Finally, all these indexes can justify and validate the use of Shannon entropy. In particular, a clear entropy reduction in the third period was obtained, as can be seen in Figure 5 . Thus, it is expected that this urban sprawl deceleration is affected by the nucleus of essential microclimates of the study area, so it will be analysed in the next section. Figure 5 . Shannon entropy coefficient variation process for studied decades.
Microclimate Changes and Urban Sprawl
In this section, we are going to analyse each different microclimate of each cluster to define the required energy for each one, and how it can influence urban sprawl.
In the initial state, it is interesting to confirm that relative humidity remains nearly constant in all clusters for each period, as can be seen in Figure 2 . This relative humidity was about 42-46% in the first period, will increase between 45% and 49% in the second and third periods, and will decrease between 44% and 46% in the last period.
At the same time, from Figure 4 , it can be observed that clusters 1 and 3 showed higher temperatures between 22 and 23 °C during the four periods. The resting clusters begin in a range between 19 °C and 20 °C and will increase to 21 °C in the resting periods.
As a consequence of the evolution of these two variables, the maximum humidex value will be between 20 and 25, which indicates a comfortable ambience. Despite this, it can be concluded that the humidex will remain constant in those clusters where the temperatures do not change with time (clusters 1 and 3) due to, as was explained before, relative humidity which does not change in each period, and that its effect on the humidex is clearly reduced when it is compared with dry bulb temperature. In the other clusters, due to its temperature increment with time, the humidex increased and, consequently, the global humidex in Tehran has been increased.
From these results, it can be concluded that this microclimate heating effect must be related with different urbanisation processes, and must be controlled to prevent the country entropy increase and its related future sprawl.
On the other hand, it can be concluded that the humidex is an interesting urban sprawl tool that can be employed to define the cluster evolution of other variables, like temperature, relative humidity and, indirectly, energy consumption, as the main causes for urban sprawl. 
Conclusions
The present research work shows the irregularity of microclimates in different clusters, and its relationship with the Tehran urban sprawl. To achieve this objective, a cluster analysis method was used to clustering climatic data, while at the same time using the Shannon entropy method.
In an initial state, eight essential microclimate clusters in the City of Tehran were chosen for four study periods. In all these clusters, the results showed an average monthly temperature increase during the four study periods of 0.72 °C per decade. At the same time, relative humidity has also shown average increases of 0.40% per decade. When the humidex index was calculated for each of the obtained clusters, it was concluded that, due to relative humidity being nearly constant in each simulation period, and its effect on the humidex being clearly reduced when compared with the dry bulb temperature effect, it was concluded that the humidex had increased in each of the eight clusters with time. Despite the fact that its maximum obtained values were within the comfortable range till the present day, it can be an interesting way to define local microclimate dangers in cities.
From these results, it was obtained that both temperature and relative humidity of study area are related with urban sprawl and urban development. It seems evident that due to population increase, the use of fuels, greenhouse gases, and so on, would affect the increasing changes in humidity and temperature in the city. Consequently, humidex resulted to be a good indicator of the real effect of both variables, simultaneously.
When the average Shannon's entropy was defined for each study period, a clear increment with time was obtained. Despite this, a temporal decrement during the third period was observed, and could be related with a lowest growth rate and personal car usage, when compared with the other time periods. Furthermore, these last indicators are quite likely to be a consequence of the war between Iran and Iraq that had a direct effect on Urban sprawl. 1965-1975 1976-1985 1986-1995 1996-2005 Tim e periods
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